INTRODUCTION
Commercial laboratory robots were first introduced at the 1982 Pittsburgh Conference, although pick-and-place robots had been used previously. Although laboratory automation efforts have been developing in various ways for many years, it was the introduction and implementation of robotics to the chemical laboratory that focused the effort and provided a reference point.
Laboratory robotics is not an outgrowth of classical industrial robotics (manufacturing robotics). Developed independently, it is oriented more toward the chemical process rather than centered around robotic hardware development. However, much of the technology that has been developed and tested for industrial automation is finding application in laboratory robotics. In some cases, classical terms have been applied to laboratory robotics and laboratory automation efforts. Terms have also developed to describe devices and processes unique to laboratory automation. Therefore, laboratory robotics and automation has unique terms as well as terms shared with classical robotics and automation.
As with most scientific endeavors, many standards are relied upon to accomplish instrumental harmony of the laboratory automation system. Many of these terms, standards, and protocols are provided as a reference for chemical laboratory automation efforts.
This assembly of terms was compiled from recent laboratory automation and robotic references and classical compilations.
GLOSSARY OF TERMS
Absolute Accuracy (in Robotics) The difference in position between a point called for by a robot's control system and the point actually achieved by the robot. The tolerance in each coordinate in reaching any given point in space. (2) Absolute Location A location in the robot's work envelope defined by specific coordinates. See also Relative Location.
Acceleration
Rate of change of the velocity at the point under consideration per unit of time. (21) Accuracy (in Robotics) The degree to which actual position corresponds to desired or commanded position; the degree of freedom from error. Accuracy involves the capability to hit the mark, or reach the point in space, or get the correct answer; repeatability is the ability to duplicate an action or a result every time. Accuracy of a robot is achieved (or lost) by three elements of the system: the resolution of the control system, the inaccuracies or imprecision of the mechanical linkages and gears and beam deflections under different load conditions, and the minimum error that must be tolerated to operate the arm under closed servoloop operation. Accuracy refers to the degree of closeness to a "correct" value; precision refers to the degree of preciseness of a measurement. Frequently confused with precision. Active Accommodation Integration of sensors, control, and robot motion to achieve alteration of a robot's preprogrammed motions in response to sensed forces. Used to stop a robot when forces reach set levels, or to perform force feedback tasks like insertions, door opening and edge tracing. (5) Actuator 1. A power mechanism used to effect motion of the robot. (39) 2. A motor or transducer that converts electrical, hydraulic, or pneumatic energy into motion.
Adaptive Control A control algorithm or technique in which the controller can change its control parameters and performance characteristics in response to its environment and experience. (Modified from reference 5) Algorithm A prescribed set of well-defined rules, processes, mathematical equations, or programmed sequence of instructions for the solution of a problem in a finite number of steps.
Analog
The representation of a smoothly changing physical variable by another physical variable. In data transmission, the term is used in contrast to digital. In this context, analog transmission uses amplifiers, required due to attenuation of the signal with distance, that magnify the incoming signal. (Modified from reference 20)
Analog Data Data represented by a physical quantity that is considered to be continuously variable and whose magnitude is made directly proportional to the data or to a suitable function of the data. 
Articulation
The manner and actions of jointing in a robot. The greater the number, the easier it is for a robot to move and attain any position. Types of articulations are fixed beam, linear joint, ball joint, round joint, revolute or pin joint, and others. They vary in the number of degrees of freedom. (2)
Artificial Intelligence
The capability of a machine to perform human-like intelligence functions such as learning, adapting, reasoning and self-correction. The main areas of application are currently in expert systems, computer vision, natural language processing, robotics, and speech synthesis and recognition.
ASCII
Abbreviation for American Standard Code for Information Interchange. It is an eight-bit (7 bits plus an optional parity bit) code for representing alphanumerics, punctuation, and certain special characters for control purposes. (Modified from reference 5) Automate To replace human manipulative effort and faculties in the performance of a given process by mechanical and instrumental devices which are regulated by feedback of information, so that the apparatus is self-monitoring or self-adjusting. (36) Automated Analytical System A collection of analytical automation modules and modular analytical instruments configured to automate a complete analysis, from sample input to information output. The analytical system contains a user-interface to permit human interaction and may also have an archival module to provide the audit trail. (Modified from reference 28) Automatic End-Effector Exchanger A coupling device between the mechanical interface of the robot and the end-effector enabling automatic exchange of end-effectors. (39)
Automation
The use of combinations of mechanical and instmental devices to replace, refine, extend, or supplement human effort and faculties in the performance of a given process, in which at least one major operation is controlled, without human intervention, by a feedback system. (36) Axis A direction used to specify the robot motion in a linear or rotary mode. (39)
Balance Interface
The electronic hardware and control software necessary to utilize an electronic balance as an automated workstation. (Modified from reference 1)
Bar Code
An identification symbol in which the symbol value is encoded in a sequence of high-contrast bars and spaces. The relative widths of the bars and spaces contain the information. This machinereadable code, often on a label, is read (usually optically by a light pen or a laser scanner) into a decoder which transmits the encoded information to some external device for display, storage, or conditional processing.
Base (in Robotics)
The platform or structure to which is attached the origin of the first member of the articulated structure. 
Base Mounting Surface
The connection surface between the robot and its periphery upon which is defined the base coordinate system. 
UJ

Cartesian or Rectangular Robot -Gantry Robot
Cartesian Coordinate System A coordinate system with axes or dimensions that are intersecting and perpendicular (orthogonal).
The origin is the intersection of the three coordinates -x, y and z axes -that locate a point in space and measure its distance from any of three intersecting coordinate planes. The coordinates are used to identify points for the positioning of an end-effector. (2)
Indicated
Cartesian Coordinate System
Chemical Analysis System A combination of laboratory modules that complete sample preparation, analysis, and evaluation to provide chemical information. (Modified from reference 28)
Closed-Loop Control
Control achieved by feedback, i.e., by measuring the degree to which actual system response conforms to desired system response and utilizing the difference to drive the system into conformance. The measurement of the difference between what is achieved and what is asked for is used to increase accuracy and reliability.
Command
An instruction to the robot's controller given in a language or form that the controller can understand. (Modified from reference 1)
Command Pose
The pose specified by the task program.
Compliance
The flexible behavior of a robot or any associated tool in response to external forces exerted on it.
Computer Interface
An interconnection which allows an electronic device to send data to or receive data from a computer.
Computer Network
A network of data processing nodes that are interconnected for the purpose of data communication.
(35)
Concurrent Processing
The simultaneous processing of more than one program. Crimp Capping Station An automated workstation used to crimp retaining caps onto glass vials such as those used in chromatographic analysis.
Cybernetics
The study of control and communication in, and particularly between, humans and machines. A human-machine cybernetic system is a functional synthesis of a human system and a technological system or machine.
Cvcle A'single execution of a complete set of moves and functions contained within a robot's program. 
Decomposition
In control hierarchy, the breakdown of higher-level tasks into sets of procedurally simpler ones. These simpler tasks, in turn, become the goals of other tasks in a lower level of the control system. In the architecture of a control system that is hierarchically arranged, each level of the control receives inputs and produces outputs that, in their turn, become inputs to another level of control.
Degree of Freedom
One of the variables (maximum number of six) required to define the motion of a body in space. 
Dual Function Hand
An end-effector that combines the functions of multiple hands or end-effectors such as a general purpose gripper and a liquid dispensing hand.
Duty Cycle
The fraction of time during which a device or system will be active, or at full power. Software used to overcome detected error conditions. This may include ways to correct the error conditions, circumvent them, and (in the extreme) to systematically shut the system down until human intervention occurs.
Expert System
A computer program, usually based on artificial intelligence techniques, that performs decision functions that are similar to those of a human expert and, on demand, can justify to the user its line of reasoning. Typical applications in the field of robotics are high-level robot programming, planning and control of assembly, and processing and recovery of errors. A feedback device that is outside the inherent makeup of a robot system, or a device used to affect the actions of a robot system that is used to source a signal independent of the robot's internal design. (5)
Feedback (in Robotics)
A signal given by an output device (sensor) that is used to drive a control actuator. The part of a closed-loop system that sends information about the state of the phenomena under study or being monitored. The information can include data about a robot's position or speed, forces, temperatures, and the locations of objects that are to be handled by an end-effector. Actual performance can thus be compared with planned performance.
Feedback Control
The use of feedback to control a robot's movements and the positioning of the end-effector.
Feedback Device
A device that senses the position of robotic joints and transmits the appropriate data, in either analog or digital form. Such devices include switches, tachometers, encoders, and a host of other sensors. (Modified from reference 2) Feedback System A combination of a sensing and a commanding device that can modify the performance of a given act. (36)
Flexible Automation
Refers to the multitask capability of robots; multipurpose, adaptable, reprogrammable.
Footprint
The surface area required to mount a robot.
Fork
A mounted object with a triangular section removed to aid a robot in removing or dislodging pipette tips, slip-on caps, and other pressure-fit devices.
Gantry Robot see Cartesian Coordinate Robot
GPIB see IEEE-488
Gripper An end-effector designed for seizing and holding. (39) Hand see End-Effector
Hardware
The mechanical, electrical and electronic, pneumatic, or -.ydraulic />vices that compose a computer, controller, robot, workstation, instrument, or peripheral device.
Heuristic Problem Solving
In computer logic, the ability to plan and direct actions to steer toward higher-level goals. This is in contrast to algorithmic problem solving. (Modified from reference 4) Hierarchical Control A distributed control technique in which the controlling processes are arranged in a hierarchy. (5) Hierarchy A relationship of elements in a structure divided into levels, with those at higher levels having priority or precedence over those at lower levels. (5)
High-Level Language
Programming language that generates machine codes from problem or function oriented statements. ALGOL, FORTRAN, PASCAL and BASIC are four commonly used high-level languages. A single functional statement may translate into a series of instructions or subroutines in machine language, in contrast to a low-level (assembly) language in which statements translate on a one-for-one basis.
Hydraulic Robot
Robots that make use of hydraulic servovalves. They are fast, have few moving parts, and can position heavier loads than can pneumatically power robots. Mechanically simple, these robots have an accuracy and reliability associated with electrically actuated robots. (2)
Hysteresis
The failure of a property that has been changed by an external agent to return to its original value when the cause of the change is removed. 
Interface (in Robotics)
Those connections of one system that are matched to another system that is distinctly different because of the basic nature of each system. This may be due to the origin of design and construction or due to the basic objectives of each system independently. A shared boundary between system elements defined by common physical or logical interconnection characteristics, signal characteristics, and meanings of interchanged signals. A boundary between the robot and machines, transfer lines, or parts outside of its immediate environment. 
Joint Coordinates
Robot coordinates that specify the position of each joint relative to its arbitrary origin. Prismatic joint coordinates are measured in linear quantities such as centimeters or inches; revolute joint coordinates are measured in angular quantities such as radians or degrees.
Joint Space
The space defined by a vector whose components are the angular or translational displacement of each joint in a multi-degree of freedom linkage relative to a reference displacement for each such joint. 
Kinematics
The analysis of the geometry of robot motion with respect to a fixed reference coordinate frame as a function of time, without regard to the forces and moments that cause the motion. It studies the relations between the variable joint coordinates of the robot mechanism and the positions and orientations of the end-effector. Robot kinematics usually contains two sub-problems: the forward and inverse kinematics. The forward kinematics problem is to find the position and orientation of the end-effector with regard to a fixed reference coordinate frame, given the joint coordinates of the robot mechanism. The inverse kinematics problem is to find the appropriate joint coordinates for the given position and orientation of the end-effector. 
Limiting Load
The maximum load stated by the manufacturer which can be applied to the mechanical interface without any damage or failure to the robot mechanism under restricted operating conditions. 
Load
The force and/or torque at the mechanical interface which can be exerted along the various directions of motion under specified conditions of velocity and acceleration. The load is a function of mass, moment of inertia, and static and dynamic forces supported by the robot. A programming concept where a sequence of commands is repeatedly executed until some predetermined condition is met.
Loop ManipulatorProduct Data Representation and Exchange
Repeatability (in Robotics)
The ability of a robot to reposition itself at a spot to which it is sent or trained to stop. Also called positioning accuracy, it is normally considered a tolerance about a position. Similar in concept to accuracy, it is a different performance characteristic in that it also concerns itself with resolution, the inaccuracies of components, and arbitrary target positions. It is affected by resolution, hysteresis, and inaccuracies in components such as linkages, gears, and beam deflections. As with the capacity of a robot to return to a previously designated position, it describes the positional error of the end-effector when it automatically returns to a previously designated point. It is thus a finer measure of performance than is accuracy. (Modified from reference 2) Resolution A function of a robot's control system, resolution specifies the smallest increment of motion by which the system can divide the work envelope. This is either a function of the smallest increment in position that the controller can command or the smallest incremental change in position that the controller can distinguish. Also referred to as Spatial Resolution. the end-effector(s); any equipment, devices, or sensors required for the robot to perfom its task; any communication interface that is operating and monitoring the robot, equipment, or sensors, as far as these peripheral devices are supervised by the robot control system. power supply and control system;
Robotic Classification A means of identifying the types of robots. It can be based on physical characteristics such as hardware construction, degrees of freedom, coordinate systems, and level of sophistication and
Robotics
The theory and practice of automating tasks being done by humans. This is identified by the interaction of a robot or robotic device and an object. This term comes from the Czech word "robota", which means work or servant. 
System
Equipment that as a group forms a whole. A group of devices that form a network for a common purpose or for a common distribution method. Four attributes are associated with a system: the number of units that make up the whole, the relationship among the units, the objective or goal of the system, and its adaptability to the environment. (Modified from reference 2)
Systems Engineering
The technique of optimizing the design, installation, and execution of large-scale systems. Makes use of scientific laws and empirical rules.
Tactile Sensor A sensor that is sensitive to touch. Associated usually with the end-effector of the robot which senses contact with an object. Classified into touch and stress types, this sensor may be a microswitch, strain gage, or other conductive device. (Modified from reference 2)
Task Program
The set of instructions for motion and auxiliary functions that define the specific intended task of the robot system. This type of program is normally generated by the user. 
Top-Down Design
The development of software for robots in stages or increments, from the highest level to the lowest, and from the general to the particular. Its aim is the creation of logical design that can then be implemented by structured programming. Top-down design is a formal mechanism for breaking complex process designs into functional descriptions, for reviewing progress, and for allowing modifications. 
Work Envelope
The set of points that represents the maximum extent and reach of a robot's wrist. It excludes the end-effector because manufacturers cannot predict the shape or size of end-effector eventually used by the robot. The envelope can be rectangular, cylindrical, spherical, or irregular. Shapes are determined by the length of the robot's links and the arrangement of the joints. Any envelope has three parameters associated with it: the horizontal arm sweep or the degrees of rotation about the center, the vertical motion of the arm, and the radial extension of the arm as measured from the center axis. (Modified from reference 2)
Workstation
An apparatus that performs some automated function or with which a laboratory unit operation is performed. 
